CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATED WATER-QUALITY UNITS, AND ACRONYMS

Abstract
The hydrogeologic conditions at and near three stormwater detention ponds in Pinellas County, Florida, indicate that there is little potential for chemical contamination of ground water in the surficial aquifer system. The ponds, in the cities of Seminole, Clearwater, and Largo, have been in operation for about 1, 20 , and 30 years, respectively. The physical, hydrogeologic, water-quality, and sediment-quality characteristics of each pond and surrounding drainage basin were determined. A network of monitoring wells was installed in each basin to provide for geologic description, physical analyses of soils, aquifer testing, establishing the direction of ground-water movement, and collection of water samples for chemical analyses. Each pond lies within a water-table depression so that ground water seeps laterally toward the ponds from the surficial aquifer system. Ground-water, surface-water, and pond bottom-sediment samples were collected for analyses of inorganic constituents and organic compounds. At the Seminole site, concentrations of the inorganic constituents (except for ammonianitrogen and phosphorus) and organic compounds in surface water and ground water were either less than or just above analytical detection limits. One bottomsediment sample contained a trace of the insecticide dieldrin.
Surface-water quality at the 20-year-old Clearwater pond was similar to that of the 1-year-old pond at Seminole. Bottom sediments in the Clearwater pond, however, contained concentrations of chromium, copper, iron, lead, and zinc that were one order of magnitude greater than concentrations measured in bottom sediment at the Seminole pond. Sixteen organic compounds were detected in the Clearwater pond bottom sediment. Dichlordiphenyl-trichlorethane, dieldrin, and heptachlor were present in sufficient concentrations above the U.S. Environmental Protection Agency's level of concern with respect to bioconcentration in the food chain, but did not exceed the lower level concentration protecting aquatic life from chronic toxicity.
Concentrations of nutrients in ground water at the Largo site were similar to those at the Seminole and Clearwater sites; however, arsenic, chromium, copper, and zinc were substantially greater at the Largo site than those at the Seminole site. Two organic compounds were detected, but concentrations were at or below guidance concentrations. The bottomsediment sample at the Largo site contained several inorganic constituents and organic compounds at concentrations higher than those in the Seminole pond sediment and were of the same order of magnitude as those in the Clearwater pond sediment. Twentythree organic compounds were detected in the Largo pond bottom-sediment sample, but none were in sufficient concentrations to cause concern about chronic toxicity on aquatic life. Dieldrin exceeded the value for bioconcentration in the food chain.
INTRODUCTION
Natural and manmade ponds are commonly used in urban and suburban areas to limit the rate of stormwater runoff and to intercept and store some stormwater contaminants before reaching a receiving body of water. There are generally two types of ponds used, detention ponds and retention ponds. Detention ponds detain runoff for a period of time and then discharge the water into receiving surface waters. Retention ponds retain runoff and discharge the water through infiltration into the ground and evaporation. Both types of ponds may receive runoff from the drainage basin from ditches and pipes.
Pinellas County is in a relatively flat coastal area with poorly defined natural drainage. The county is 280 mr in area and has 70 mi of shoreline ( fig. 1) . Rainfall averages about 52 in/yr, and on average, 10 in/yr of ground-water pumpage is imported from outside Pinellas County. Much of the wastewater plant effluent is sprayed on the land within the county. A large amount of runoff is channeled through a system of retention and detention ponds. The detention period in this system generally is short, and little is known of the effective-ness of ponds to capture and retain stormwater contaminants that may degrade the quality of inland and coastal waters in the county.
The U.S. Geological Survey, in cooperation with Pinellas County, conducted an investigation of the hydrogeology of three sites in and near stormwater detention ponds in the central part of the county, with an emphasis on water quality. The study was conducted between October 1986 and September 1989 and focused on infiltration characteristics of pond bottom sediments and contaminant loads in the water and bottom sediments of each pond.
Purpose and Scope
The purpose of this report is to describe the hydrogeology and water quality at and near three stormwater detention pond sites in Pinellas County. Samples of shallow ground water, pond water, and pond sediment were collected in September 1989 and analyzed for selected nutrients, trace elements, and organic compounds. At the onset of the study, it was assumed that the ponds would be discharging into the ground-water system, and by selecting ponds of different age, there would be striking contrasts in the chemistry and bottom sediments. The scope of the study changed when it became evident from analysis of the samples that valid conclusions about such contrasts could not be drawn using a single-event sampling approach. Each pond site is described in detail, including physical setting, lithology, cation exchange capacity of underlying clay units, ground-water movement, ground-water quality, pond-water quality, and bottom-sediment quality. Water and sediment quality are compared with criteria established by the Florida Department of Environmental Regulation (FDER) and the U.S. Environmental Protection Agency (USEPA). Conclusions are drawn concerning the ecological effects of pond bottom sediment contamination.
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Methods of Study
Three ponds, one each in the cities of Seminole, Clearwater, and Largo, were studied in collaboration with personnel of the Pinellas County Department of Public Works. The physical and hydrogeologic characteristics of each drainage basin were measured, and samples of the ground water, pond water, and pond bottom sediment were collected and analyzed. The physical characteristics determined for the pond sites included drainage basin topography, boundaries, land use, and pond bottom configurations. The average yearly rainfall for Pinellas County was applied to a rainfall-runoff regression model developed by Lopez and Giovannelli (1984, p. 56) to estimate stormwater runoff to the ponds.
Test holes were augered as deep as 38 ft to determine the lithology and thickness of the sands that constitute the surficial aquifer system and to obtain samples of clay from the underlying intermediate confining unit. A plastic casing and well screen were installed in each test hole to obtain a point measurement of the water table in the surficial aquifer system.
The observation well network at each site consists of about 30 wells that were drilled to depths that range from 12 to 38 ft and are within 2,000 ft of the pond. Core samples were collected from selected test holes during drilling and were analyzed for sediment particle size, porosity, hydraulic conductivity, clay mineralogy, and cation exchange capacity. These characteristics were used to define hydrogeologic units. An example of qualitative descriptors for these characteristics is as follows: Drilling records were used to determine the thickness of the aquifer incised by the pond, the direction of ground-water movement in the vicinity of the pond, the hydraulic properties of the aquifer, and the contaminant adsorbing capacity of the intermediate confining unit. Water-table maps were used in conjunction with aquifer hydraulic properties to estimate the rate of lateral ground-water flow in the vicinity of each storm water detention pond. If pond water is leaking to the aquifer, contaminants could be carried downgradient at a velocity calculated by Darcy's law, as follows: (1) where, Vn is horizontal velocity of flow through the surficial aquifer, in feet per day; Kn is horizontal hydraulic conductivity of the aquifer, in feet per day, estimated from laboratory tests of vertical hydraulic conductivity of core samples; I is horizontal hydraulic gradient, in feet per foot; and ne is effective porosity, dimensionless, estimated from laboratory tests of core samples.
Cation exchange was useful for estimating the adsorption capacity of the intermediate confining unit. The type of clay and its relative abundance controls the cation exchange capacity, which indicates the ability of the hydrogeologic unit to adsorb and hold many positively charged metal ions within the ground-water regime. The formula for estimating the adsorption capacity is: (Hem, 1985, p. 56) : is 55.4 meq/kg, where NH4 is ammonium; FCa is 49.9 meq/kg, where Ca is calcium; FK is 25.6 meq/kg, where K is potassium; is 43.5 meq/kg, where Na is sodium.
Ground water surrounding the ponds, pond water, and pond bottom sediments were analyzed for inorganic constituents and organic compounds during September 1989. Specific conductance and pH were measured at the pond sites and samples were collected for analyses of nutrients and trace elements. Organic compounds analyzed included acid and base-neutral extractables, volatile organic compounds, chlorphenoxy acid herbicides, and organohalogen and organophosphorus insecticides. Bottom sediments were collected in the deepest part of each pond (based on the results of bathymetric surveys) and were analyzed for the same series of constituents as for ground water, with the exclusion of pH, specific conductance, and volatile organic compounds. Results of water analyses are described with regard to Florida ground -water guidance concentrations (Florida Department of Environmental Regulation, 1989) . There are no State guidance concentrations for soil or bottom sediments (Dean Jackman, Florida Department of Environmental Regulation, oral commun., 1984); however, the interim USEPA sediment criteria were used to evaluate pond bottom sediments. These criteria are based on an equilibrium partitioning approach and are designed to indicate guideline values for selected organic compounds that may adversely affect benthic biota.
HYDROGEOLOGIC CONDITIONS AT DETENTION PONDS
The relatively young Seminole pond (1 year old) may provide background conditions for comparison of bottom sediments with those of the mature Clearwater (20 years old) and Largo (30 years old) ponds, both of which may show the effects of many years of accumulation of trace elements and manmade organic compounds. The drainage basins for the Seminole and Clearwater ponds are in residential areas, whereas the Largo pond is adjacent to a commercial area. The locations of the three stormwater detention pond study sites are shown in figure 1 .
Two geologic units were identified during test drilling. Pleistocene deposits of sand and organic material, about 10 to 40 ft thick, comprise the surficial aquifer system. About 20 ft of clay within the Hawthorn Group of Tertiary age, as defined by Scott (1988) , underlies the surficial aquifer system. The clay has a relatively low permeability compared to the sand and comprises an intermediate confining unit between the surficial and underlying Floridan aquifer systems.
Seminole Site
The Seminole pond is in west-central Seminole near 94th Avenue North and 134th Street North ( fig. 2) . The pond is about 1 mi from the Gulf of Mexico in a gently sloping area and is about 50 ft above sea level. Land-surface altitude of the drainage area near the pond ranges from 55 to 60 ft above sea level ( fig. 2) . The pond measures 500 ft by 500 ft (5.7 acres) and is designed to detain a 100-year storm. The surface area of the pond is about one-fifteenth of its drainage basin. A bathymetric survey of the pond indicated an average depth of about 5 ft and a maximum depth of 6 ft near the middle and western side.
The drainage basin is about 83 acres in size and is comprised of low-density residential areas north and south of the pond ( fig.2 ). Stormwater runoff drains through pipes entering the northwest and southwest corners of the pond. The soils of the drainage area are of the Immokolee and Myakka series, which are nearly level, poorly drained, sandy soils (U.S. Department of Agriculture, 1972) .
Descriptions of core samples from two test holes 1,500 ft apart at the Seminole pond are listed in table 1. The surficial aquifer system is composed of very fine-to very coarse-grained sand that increases in silt content with depth. The porosity of the sand sample is about 35 percent. The sample collected from the test hole at well Sem 2 at the 36.8-to 37.1-ft depth seems to represent the gradation from sand of the surficial aquifer system to clay of the intermediate confining unit. The sample is 48 percent sand, 10 percent silt, and 42 percent clay (smectite is the dominant clay mineral). The hydraulic conductivity value of 0.7 ft/d is characteristic of sandy clay. The cation exchange capacity of 83 meq/kg is similar to the median value of 88 meq/kg for montmorillonite clay reported by Hutchinson and Stewart (1978) figure  3 . In wells within 1,500 ft of the detention pond, water levels ranged from 41.0 to 56.1 ft above sea level. Flow lines superimposed on the water-table map indicate a general movement of ground water from east to west. Although some ground water is intercepted by the pond, which has a surface stage about 1 ft below the surrounding water table, this water drains out of the pond to the west. The westward slope of the water table also indicates that water may leak out of the pond into the surficial aquifer system. Water levels in wells within 1,500 ft of the detention pond were lower in May 1988 and ranged from 38.8 to 55.7 ft above sea level. Water levels in 21 wells were measured in both September and May; changes in water levels ranged from a rise of 0.4 ft (well 19) to a decline of 2.7 ft (well 2). The average change during this period was a decline of 0.8 ft. The estimated velocity of groundwater flow toward the pond from the east, calculated using equation 1, is about 0.4 ft/d, or 150 ft/yr, based on a water-table gradient of 0.007 ft/ft, porosity of 0.35, and an estimated hydraulic conductivity for fine to medium sand of 20 ft/d.
Clearwater Site
The Clearwater pond, near Lakeview Avenue and Hercules Avenue in central Clearwater, is about 2 mi west of Old Tampa Bay ( fig. 1 ). The pond, bordered on the north and east by Alien Creek, is in a topographic depression. Land-surface altitude at the pond is about 15 ft above sea level ( fig. 4) . The drainage basin is about 20 acres in size and much of the soil is imported fill material.
The detention pond is 150 ft wide and 900 ft long. The drainage basin area is about 23 acres, or about 7.5 times the area of the pond. Stormwater runoff from low-density residential areas enters the pond through pipes in the southwest and west shores. The pond was originally a borrow pit used during the construction of nearby condominiums in the early 1970's. The present pond is a continuation of the old excavation and has an outflow to Alien Creek at the southeast comer. A bathymetric survey of the pond indicated an average depth of about 7 ft and a maximum depth of more than 10 ft attained almost entirely in the western half of the pond ( fig. 4 ). Descriptions of core samples from two test holes 800 ft apart at the Clearwater pond are listed in table 2. The upper 4 to 5 ft of material contains concrete, indicating rubble fill. Underlying this is a 4-ft-thick peat layer, which probably indicates that the filled area was once a swamp. These two upper layers and an underlying 2-ft-thick, very fine to coarse sand layer comprise the surficial aquifer system, which is about 10 ft thick. The porosity of the peat is about 50 percent and the sand about 40 percent. The sample from 14.7 to 14.9 ft is about 80 percent smectite clay. The porosity of the clay is 35.9 percent and is lower than that for the sandy clay core sample below the Seminole and Largo ponds. The vertical hydraulic conductivity value of 3.0 ft/d for the clay sample is uncharacteristically high. The expected value would be one or two orders of magnitude lower than the hydraulic conductivity of sand. An examination of the core sample by laboratory personnel showed fractures where fluid flow was possible. The cation adsorbing potential of the intermediate confining unit, calculated using equation 2, based on a cation exchange capacity of 394 meq/kg, is 56 kg/m2, or 250 tons per acre of NH4.
The configuration of the water table at the Clearwater pond in September 1987 is shown in figure  5 . Levels ranged from 13.3 to 34.6 ft above sea level. Flow lines superimposed on the water-table map show a general direction of ground-water flow from the west toward the detention pond where the pond stage was 13.3 ft and toward Alien Creek. Ground water also flows toward Alien Creek from the east. Water-table levels were similar in May 1988 and ranged from 12.6 to 33.8 ft above sea level. Water-level changes in 24 wells measured in both September and May ranged from a rise of 1.5 ft (well 3) to a decline of 5.7 ft (well 4). The average change was a net decline of 1.2 ft between September and May. The pond stage was 12.5 ft in May 1988, which represents a 0.9-ft decline since September 1987. The velocity of ground-water flow toward the pond in a 1,000-ft-wide band west of the pond was 0.6 ft/d, or 200 ft/yr, based on a watertable gradient of 0.01 ft/ft, porosity of 0.35, and hydraulic conductivity of 20 ft/d.
Largo Site
The Largo pond is about 2 mi west of Old Tampa Bay ( fig. 1 ) and is about 30 years old. The pond is about 10 ft above sea level, and the land-surface altitude of the surrounding area is about 15 ft above sea level ( fig. 6 ). Most surficial sand in the drainage basin is artificial fill. The drainage basin is about 47 acres in size, and the detention pond is 100 ft wide and 1,000 ft long. The drainage basin area is about 20 times larger than the area of the pond, which is about 2.3 acres. The pond receives runoff from medium-density residential areas of apartments and condominiums on the east and west sides. A heavily traveled commercial area borders the basin on the south along East Bay Drive ( fig. 6 ), but does not contribute runoff to the pond. Stormwater runoff enters the pond through pipes along the east and west banks. It is a wet pond (excavated below the water table) and discharges on the north end through a series of connecting ditches into Alien Creek upstream from U.S. Highway 19 ( fig. 1 ). Results of a bathymetric survey indicate that the average depth of the pond is about 8 ft and that the greatest depth is about 10 ft near the discharge point.
Descriptions of core samples from two test holes 2,300 ft apart at the Largo pond are listed in table 3. At the Largo 1 test hole ( fig. 6 ), augering continued to a depth of 18 ft where a chert bed was encountered. This bed was not present at the Largo 3 test hole where drilling continued to a depth of 26 ft where clay of the intermediate confining unit was encountered. The surficial aquifer system samples generally have a porosity of about 30 percent. The sample from 24.8 to 25.0 ft in well Largo 3 seems to represent the gradation from sand of the surficial aquifer system to clay of the intermediate confining unit. The sample is 45 percent sand, 6 percent silt, and 49 percent clay (kaolinite is the dominant clay mineral). The cation adsorbing potential of the intermediate confining unit, calculated using equation 2, based on a cation exchange capacity of 125 meq/kg, is 18 kg/m2, or 80 tons per acre of NH^.
The configuration of the water table at the Largo pond in September 1987 is shown in figure 7 . Water levels ranged from 5.1 to 16.9 ft above sea level. Flow pathlines superimposed on the water- Figure 6 . Location of the Largo stormwater detention pond and hydrologic data-collection network. 
QUALITY OF WATER AND BOTTOM SEDIMENTS AT DETENTION PONDS
Water and bottom-sediment samples were collected to evaluate the background quality of water and sediments at the three detention ponds, as well as that of the surrounding ground water. Results of this September 1989 reconnaissance sampling are used to describe the ambient quality of the hydrogeologic system, to make comparisons among ponds, and to make comparisons between ground water and pond water and pond bottom sediments at each site.
Results of the laboratory analyses of water and bottom-sediment samples are presented and discussed in this section. Tables 4 through 6 list the chemical quality of pond water and ground water withdrawn from as many as seven wells at the Seminole, Clearwater, and Largo study sites and presents a comparison of the values with the Florida Department of Environmental Regulation (1989) guidance concentrations. The quality of bottom sediments at each pond is shown in table 7. Concentrations of organic compounds are presented only for those compounds that had concentrations above detection limits; otherwise, the results are summarized according to category and are reported as below detection limits (BDL). The findings are presented according to study site, source of the samples, and the grouping of inorganic constituents and organic compounds. The appendix lists for reference the organic compounds and detection limits of the laboratory analyses for all the water and bottomsediment analyses performed for this study.
Seminole Site
Water samples from the Seminole pond, wells 8 and 24 next to the pond, and five wells (16, 18, 19, 20, and 23; fig. 2 ) in the residential area near the pond ( fig. 2) were analyzed for nutrients, trace elements, and organic compounds (table 4). There were slight differences between the quality of water from wells next to the pond and the quality of water from wells south and west of the pond. Specific conductance of the seven samples ranged from 140 to 410 |LiS/cm. Residential area wells 19 and 23 had the slightly higher specific-conductance levels. Organic-nitrogen concentrations in samples from wells next to the pond averaged 9.0 mg/L and ranged from 0.35 to 20 mg/L in water from wells outside the pond area. The high concentrations of organic-nitrogen and ammonianitrogen in the sample from well 19 may reflect the effects of residential lawn and garden fertilization. The concentrations of trace elements in ground water next to the pond and in the residential area were low and were below FDER guidance concentrations. One volatile organic compound, xylene, was measured in water samples collected from wells 8 and 24 in concentrations of 7 and 6 u,g/L, respectively. These concentrations are below the FDER guidance concentration of 50 u,g/L and are near the detection limit of 3 u,g/L.
A surface-water sample was collected 100 ft from the west bank of the pond ( fig. 2) . Except for an organic-nitrogen concentration of 1.2 mg/L, the nutrients and trace elements in the sample were mostly near detection limits. The sample contained no detectable extractable organic compounds, volatile organic compounds, or herbicides. The organophosphorus compound diazinon, however, was detected at a concentration of 0.03 ug/L, but was below the FDER guidance concentration. Malathion also was detected. Concentrations of organic compounds in the pond water generally were lower than those in water from the surficial aquifer, which indicates the water at the time of sampling was surface runoff rather than intercepted ground water. 
Dieldrin (/*g/g) 2.1 Heptachlor (/ig/g) ---Heptachlor epoxide (/ig/g) .6 Lindane (/ig/g) .2 polychlorinated biphenyls (/ig/g) BDL Organophosphorus Diazinon (/ig/g) .9 Ethion (fig/g ) .5
9,100 A bottom-sediment sample was collected at the same location as the pond-water sample ( fig. 2) . The sample was analyzed for selected chemical constituents and organic compounds (table 7) . The organic nitrogen concentration in the sediment was about 520 mg/kg, about 35 times greater than the ammonia-nitrogen concentration (15 mg/L). A high organic-nitrogen concentration is typical of sediments that are composed of decaying vegetation. Overall, the trace elements in the sediment, except for chromium (80 M-g/g) and iron (230 |xg/g), were below or only slightly above detection limits. Concentrations of organic compounds in the sediment samples were near or below laboratory detection limits. All concentrations of the acid and base-neutral extractables were below detection limits (see appendix for specific detection limits). However, detectable concentrations of seven organic insecticide compounds were present in the sample: five organohalogen insecticides, chlordane (46 |Xg/g), DDT (0.1 |xg/g), dieldrin (2.1 |Xg/g), heptachlor epoxide (0.6 ug/g), and lindane (0.2 |xg/g); and two organophosphorus insecticides, diazinon (0.9 |xg/g) and ethion (0.5 |Xg/g).
Clearwater Site
The specific conductance of ground water from seven wells ( fig. 4) around the Clearwater pond ranged from 260 to 820 |xS/cm (table 5). The specific conductance of water samples from wells 8 and 9 near the pond averaged 300 |xS/cm, whereas those samples from the five residential area wells (11,15,20,22, and 25) averaged about 570 |xS/cm. The higher mineralization of ground water at the Clearwater site compared to the specific conductance at the Seminole site may be related to the 4-ft-thick peat layer (table 2) . Specific conductance also may be influenced by septic tank effluent in the residential area. Nutrient levels generally were the greatest in well 22 in the septic tank area, but FDER guidance concentrations for nitrite and nitrate were not exceeded. Concentrations of trace elements in the ground water around the Clearwater pond were within the range of those at the Seminole site. Four organic compounds were detected in ground-water samples: acenaphthlene at 23 |Xg/L and fluorene at 26 |Xg/L in the sample from well 9, which represents ground water beneath Alien Creek (fig. 4) ; the organohalogen insecticide heptachlor epoxide at 0.03 |Xg/L in the sample from well 15; and diazinon at 0.11 |Xg/L in the sample from well 11 (table 5). In well 9, the acenaphthlene and fluorene concentrations were above the guidance concentrations of 20 |xg/L and 10 |xg/L, respectively.
A surface-water sample was collected in the middle of the pond about 300 ft from the west bank ( fig.  4) . Except for ammonia-nitrogen at a concentration of 1.3 mg/L, nutrient and trace-element levels were less than or about the same as concentrations reported for the Seminole pond and the local ground water (table 5) . No extractables, volatile organic compounds, herbicides, or organohalogen insecticides were detected; however, the organophosphorus compounds diazinon and malathion were detected at concentrations of 0.12 and 0.15 |Xg/L, respectively. The concentration for diazinon was within the guidance concentration; there are no guidelines for malathion. These insecticides most likely originated from runoff from the residential area around the pond.
A bottom-sediment sample was collected at the same location as the pond-water sample ( fig. 4) . The sample was analyzed for nutrients, trace elements, and organic compounds (table 7) . Concentrations of organic nitrogen (9,100 mg/kg) and phosphorus (1,500 mg/kg) in the pond bottom sediment were an order of magnitude greater than concentrations in the Seminole control pond. The high levels of organic-nitrogen probably reflect the decayed bottom vegetation. Concentrations of chromium (360 (Xg/g), copper (30 (Xg/g), iron (7,300 (Xg/g), lead (400 (Xg/g), and zinc (200 (Xg/g) were one order of magnitude greater than concentrations in the Seminole pond. Chromium and copper may originate from the corrosion of metal alloys, whereas lead and zinc originate from gasoline (as a gasoline additive) and automobile tires, respectively (U.S. Environmental Protection Agency, 1982, p. 25) .
Six extractable acid and base-neutral compounds, nine organohalogen insecticides, and one organophosphorus insecticide were detected. The six compounds (anthracene, chrysene, fluoranthene, fluorene, phenanthrene, and pyrene) are polycyclic aromatic hydrocarbon (PAH) derivatives of coal tar that originate from asphalt streets and from combustion of gasoline products. The absence of methyl and higher alkylated isomers indicates that these PAH compounds are of pyrolytic origin (Pancirov and Brown, 1977) . These and similar PAH compounds were reported in the sediments of a pond at another location in Pinellas County that only received runoff from a park ing lot and an asphalt roof (Fernandez, 1985) .
Largo Site
Water samples collected from the Largo pond and wells 36, 37, 38,40,42, and 44 in the residential area near the pond ( fig. 6 ) were analyzed for nutrients, trace elements, and organic compounds (table 6). Specific conductance of the four samples of ground water that were analyzed ranged from 295 to 650 uS/cm; the average of 470 jiS/cm was the highest of the three pond sites. The higher mineralization of ground water at the Largo site probably was caused by the peat layer (table  3) . The range in concentration of organic-nitrogen in ground water was 0.15 to 62 mg/L. The cause of the high concentrations of organic-nitrogen in water from wells 37 and 38 is not known. Nitrite and nitrate levels, however, were within ground-water guidance concentrations. Two organic compounds were detected in ground-water samples collected near the pond-a volatile organic compound, chloroform (9.4 u,g/L), and an organohalogen insecticide, chlordane (0.1 u,g/L). Concentrations of these compounds were at or below the FDER guidance concentrations.
A water sample was collected from the middle of the pond ( fig. 6 ) and analyzed for selected chemical constituents and organic compounds (table 6) . One organic compound, the organophosphorus insecticide malathion (0.01 u,g/L), was detected in the pond water.
A bottom-sediment sample was collected at the same location as the pond-water sample. The sample was analyzed for nutrients, trace elements, and organic compounds (table 7) . The concentrations of nutrients and trace elements in the Largo pond sediments were about the same order of magnitude as those detected in the Clearwater pond sediments and were much greater than concentrations in the Seminole pond. The Largo pond has been in operation for 30 years, or about 10 years longer than the Clearwater pond. Although the Largo pond is near a major roadway and exposed to more vehicular traffic within its drainage basin than the Clearwater basin, the concentrations of chromium, copper, and lead in both ponds were about the same. There were 13 extractable acid and base-neutral (PAH) compounds, 8 organohalogen insecticides, and 2 organophosphorus insecticides detected in the sample of bottom sediment collected in the Largo pond. Six of the same PAH compounds were found in the Clearwater pond sediment, but in somewhat smaller concentrations. The greater levels of PAH in the Largo pond sediment probably reflect abrasion of the nearby, heavily traveled, asphalt-surfaced roadway ( fig. 6 ).
The concentration of the insecticide DDT at 17 jxg/g was about the same as the 23-u.g/g concentration in the Clearwater pond sediment. The dechlorinated DDT metabolites, DDE and DDD, however, were greater than those in the Clearwater pond sediment. The higher concentrations of the DDT metabolites indicate that the DDT concentrations may have been initially greater in the Largo pond than in the Clearwater pond.
Comparison of Water Quality at the Sites
A summary of selected water-quality conditions measured during September 1989 at the three stormwater detention ponds is given in table 8. This summary categorizes quality conditions both among the three pond sites and within matrices (ground water, pond water, and bottom sediment) at individual sites. This overview is very generalized in that it is based on a single sampling at each of the monitoring locations.
The pond water was considered of good quality and no constituents or compounds were detected at levels above those established by the FDER guidance concentrations. Samples of ground water, however, indicated two organic compounds at the Clearwater site and chromium at the Largo site in concentrations above those recommended for Florida ground water. Slight differences in the contaminants identified in the pond water and ground water existed among the sites, particularly in detectable organic compounds.
Analyses of bottom sediment from the three ponds indicated a rather large assemblage of detectable trace elements, pesticides, and industrial organic compounds. The bottom-sediment sample from the 1-year-old Seminole pond contained detectable concentrations of 7 insecticides; the bottom-sediment sample from the 20-year-old Clearwater pond contained 6 acid and base-neutral extractable compounds and 10 insecticides; and the bottom-sediment sample from the 30-year-old Largo pond contained 23 acid and base-neutral extractable and insecticide compounds. Trace elements were common in the bottom sediments of the three ponds, although the trace elements whose concentrations exceeded 100 u,g/g were more numerous at the Clearwater and Largo sites than at the younger Seminole site. A general comparison of the chemical composition of the ground and pond water with the bottom sediments of the ponds indicates that trace elements and organic compounds are accumulating in (Florida Department of Environmental Regulation, 1989 ).
An arbitrary index that includes a trace element concentration greater than 100 MS/8 above the detection limit.
an organic compound the pond sediments. A single sampling, however, is a very limited experiment and does not allow for any estimate of the chemical variability.
analysis is that, although the pond sediments are not toxic to aquatic life, there may be a bioconcentration health threat to higher organisms in the food chain.
APPRAISAL OF ORGANIC CONTAMINATION OF POND BOTTOM SEDIMENTS
Research has indicated that organic compounds that accumulate in the bottom sediments of stormwater detention ponds may have adverse environmental effects on aquatic organisms. For this study, the procedure used to appraise the potential toxicity of bottom sediments is an interim sediment criteria for selected nonpolar-hydrophobic compounds developed by the U.S. Environmental Protection Agency (1988) . The bottom-sediment data for the three ponds were compared with two statistically derived toxicity criteria. The first criterion is the final chronic value (FCV), which is the concentration protecting aquatic life from chronic toxicity. The second criterion is the final residual value (FRY), which is the concentration protecting uses of aquatic life from effects of longterm exposure to contaminated sediments. These uses include consumption of aquatic life by higher-order organisms. For the following summary, it is important to note that these results are based on a very limited sampling of the pond sediments and it is recognized that the chemical variability of bottom sediments within a given area usually is quite significant.
The results of organic analyses of bottom sediments from the three ponds were compared to the interim sediment criteria (table 9) . For this comparison, the concentration of an individual organic compound is divided by the concentration of the organic carbon and it is this normalized concentration that is compared with the interim values. The bottom sediments of the three ponds each contained detectable organic compounds for which there are interim criteria, but the normalized concentrations of organic compounds with final chronic value criteria were all less than the FCV. Three of the compounds that were detected, however, had concentrations exceeding the lower value of the FRY. Dieldrin concentrations in bottom sediments exceeded the FRY in the Seminole and Largo ponds, and DDT, dieldrin, and heptachlor exceeded the FRY in the Clearwater pond. It is interesting to note that DDT is still present even though it was banned in 1973. A conclusion of this
SUMMARY AND CONCLUSIONS
The effects of stormwater runoff on surfaceand ground-water quality were investigated at three stormwater detention ponds in Pinellas County. The study sites were designated as the Seminole, Clearwater, and Largo ponds in accordance with the cities where they are located. The assessment of the ponds was directed toward comparing the physical settings and chemical quality and evaluating the effects of organic compounds on aquatic life.
The Seminole, Clearwater, and Largo ponds are 1, 20, and 30 years old, respectively. The Seminole pond, covering nearly 6 acres, is the largest pond and is within the largest drainage basin, an area of 83 acres. The stage of the Seminole pond is about 50 ft above sea level, and the stage of the other ponds is between 10 and 15 ft above sea level. The range in altitude of the water table within 1,000 ft of each pond was observed to be 0 to 17 ft at Largo, 13 to 31 ft at Clearwater, and 44 to 57 ft at Seminole. The water-table gradient and the hydraulic conductivity and porosity of the surficial aquifer system were used to calculate velocities of ground-water flow toward each pond. Those velocities ranged between 80and200ft/yr.
The chemical qualities of ground water and pond water at the three sites were below most FDER guidance concentrations, although low levels of trace elements and organic compounds were detected. Pond bottom sediments, however, contained detectable levels of trace elements and organic compounds at all three sites. The bottom sediment from the 1-year-old Seminole pond contained undesirable concentrations of 1 trace element and 7 organic compounds; the sediment sample from the 20-year-old Clearwater pond contained detectable concentrations of 4 trace elements and 16 organic compounds; and the sediment sample from the 30-yearold Largo pond contained detectable concentrations of 4 trace elements and 23 organic compounds. These results indicate that contaminants accumulate in the pond sediments, and constituent diversity increases as a function of the age of the pond. Most of the trace elements may have originated from corrosion of alloys, gasoline, and automobile tires. The sources of most organic compounds probably were insecticides applied to nearby 9 -95-percent confidence interval: The lower value represents the concentration which, with 97.5-percent certainty, will result in protection from chronic effects on the benthic biota; upper value is concentration above which, with 97.5-percent certainty, will result in hazardous long-term effect; values within the confidence interval represent increasing cause for concern.
2 Compounds that have criteria as a final chronic value (FCV), which is the concentration protecting aquatic life from chronic toxicity. o Compounds that have a sediment-quality criteria as a final residual value (FRV), which is the concentration protecting uses of aquatic life from effects of long-term exposure to contaminated sediments. These uses include consumption of aquatic life by wildlife.
lawns, coal tar derivatives from asphalt streets, and the combustion of gasoline.
Toxic contaminants tend to accumulate in the bottom sediments of the detention ponds. Bottomsediment samples from the Seminole, Clearwater, and Largo ponds contained three, eight, and eight, respectively, of the organic compounds for which the USEPA has developed interim sediment criteria. The concentrations of all compounds were below the final chronic value that protects aquatic life from chronic toxicity. Dieldrin was detected in all three pond bottom-sediment samples and DDT and heptachlor were detected in the Clearwater pond bottom-sediment sample. The concentrations of these organic compounds exceeded the final residual value that protects aquatic life from effects of long-term exposure to contaminated sediments. The limited data indicate that pond bottom sediments are not toxic to aquatic life, but they may impair the health of higher-order organisms through bioconcentration.
Appendix. Detection limits for organic compounds analyzed in water and bottom-sediment samples 
